Africa presents the most complex genetic picture of any continent, with a time depth for mitochondrial DNA (mtDNA) lineages 1100,000 years. The most recent widespread demographic shift within the continent was most probably the Bantu dispersals, which archaeological and linguistic evidence suggest originated in West Africa 3,000-4,000 years ago, spreading both east and south. Here, we have carried out a thorough phylogeographic analysis of mtDNA variation in a total of 2,847 samples from throughout the continent, including 307 new sequences from southeast African Bantu speakers. The results suggest that the southeast Bantu speakers have a composite origin on the maternal line of descent, with ∼44% of lineages deriving from West Africa, ∼21% from either West or Central Africa, ∼30% from East Africa, and ∼5% from southern African Khoisan-speaking groups. The ages of the major founder types of both West and East African origin are consistent with the likely timing of Bantu dispersals, with those from the west somewhat predating those from the east. Despite this composite picture, the southeastern African Bantu groups are indistinguishable from each other with respect to their mtDNA, suggesting that they either had a common origin at the point of entry into southeastern Africa or have undergone very extensive gene flow since.
fusion from the Near East), the Ethiopian highlands, the Sahel savanna, and West Africa. Each region developed a distinct package of crops-although, with the exception of the guinea fowl (and possibly cattle: Bradley et al. 1996) , there are no indigenous sub-Saharan domesticated animals. All of the African domesticates arose north of the equator and were introduced to the south relatively late.
Because of the rather poor state of archaeological understanding, especially within the tropical forest zone, linguistics has played a large role in African prehistory. Greenberg (1963) proposed that continental African languages fall into four major phyla: Niger-Congo (including the Atlantic, Mande, Voltaic, Kwa, Adamawa, and Bantu families), Nilo-Saharan (including east and central Sudanic, Saharan, and Songhai), Afroasiatic (Semitic, Berber, Cushitic, and Chadic), and Khoisan (San and Khoikhoi). It has been suggested that the initial development of the first three families took place somewhere between the Sahara and the equatorial forest (Blench 1993) ; Niger-Congo and Nilo-Saharan may even share a common ancestor (see Phillipson 1993) . The distribution of Khoisan languages may have extended, before the Bantu diaspora, to present-day Ethiopia and Sudan. This is surmised from the presence of small groups of people speaking click-language isolates in Tanzania (Hadza and Sandawe) (Greenberg 1963; Blench 1993) and, more controversially, from the presence of click consonants in some languages in Kenya and Ethiopia (Cavalli-Sforza et al. 1994 , and references therein). Also cited in support is archaeological evidence for a putative common Late Stone Age complex (the Wilton) stretching throughout southern and East Africa (a concept which has, however, received pointed criticism; e.g., from Phillipson [1993] ), including skeletal remains (Huffman 1982; Newman 1995) .
The great majority of subequatorial Africans (1200 million) speak one of 1500 closely related Bantu languages. Both the nearest neighbors of Bantu within Niger-Congo and the highest diversity within the Bantu family itself are found in eastern Nigeria and western Cameroon, suggesting that this may have been the "core" area of the Bantu dispersal (Johnston 1913; Greenberg 1972) . Using different methodological assumptions, however, Guthrie (1970) suggested that proto-Bantu originated south of the equatorial forest, and some archaeologists have denied altogether that Bantu speakers are recent arrivals in southern Africa (Lwanga-Lunyiigo 1976) . Eggert (1993) points to the risk of circularity when linguistic and archaeological evidence are employed together, especially when the latter may be rather scanty.
The consensus view, however, accepts an origin in the Cross River Valley area of western Central Africa (Huffman 1982; Phillipson 1993; Vogel 1994a) . Reconstructed proto-Bantu includes words for root crop cultivation and pottery manufacture, which developed in the region during the 3rd millennium B.C., but not stock keeping or iron working. It is therefore assumed that the latter were adopted following the first dispersals during the 3rd millennium. Bantu languages fall into two main sub-groups, west and east (the latter appearing to be of more recent origin), which are thought to have resulted from distinct dispersal routes (Vansina 1995) . One group is thought to have moved east, north of the rainforest, although there is no archaeological trail until the Great Lakes region. The second group took a riverine route southward, through the rainforest (possibly facilitated by a more open period during the arid phase 3,000-3,500 years ago; see Maley 1993) , with the island of Bioko being one of the earliest areas to be settled.
Metallurgy first appears in the Great Lakes region ∼800 B.C., by which time the presumed Bantu speakers of East Africa had already adopted stock breeding and cereal agriculture from their Nilo-Saharan-speaking neighbors (Vogel 1994b) . Archaeological evidence for the "western stream" (believed to be represented by the Kalundu ceramic tradition) is rather sketchy, whereas the "eastern stream" has been studied in some detail (Phillipson 1993) . It is thought to appear in the archaeological record as the Early Iron Age Chifumbaze complex to the west of Lake Victoria, ∼2,500 years ago. From this region, a number of related archaeological complexes are thought to track the dispersals of various groups of slash-and-burn agriculturalists eastwards and southwards, reaching the southern savanna ∼1,700 years ago (Phillipson 1993; Whitelaw 1994 ). In the process, it seems likely that indigenous Khoisan hunters and herders were gradually assimilated or displaced. Characteristic Khoisan clicks are present in several southern African Bantu languages, and Khoisan continued to thrive in the southern regions (which experience a winter-rainfall regime unsuitable for equatorial crops) until the arrival of European colonists in the 15th century. The two streams are thought to have met and intermingled in south Central Africa. By the 7th century A.D., summer-rainfall cultivation using domesticates, originating in equatorial Africa-in combination with stockbreeding (in particular, cattle), metal-working, and new forms of social organization-was spread widely throughout sub-equatorial Africa.
Although progress has undeniably been made, controversy remains on both the issue of proto-Bantu origins and the dispersals themselves; the links between archaeology and linguistics remain largely circumstantial (Phillipson 1993) . Furthermore, questions remain concerning the numbers of people involved in the process. For instance, Hiernaux (1968) proposed that the Bantu exodus was initiated by small groups of agriculturists, whereas others favor larger groups (Kuper and van Leynseele 1978) . Bakel (1981) suggested that the expansion probably started with a very small group of people with a moderate rate of population growth, whereas Phillipson (1993) has commented: "There can be little doubt that the Chifumbaze complex…was introduced into subequatorial Africa as a result of a substantial and rapid movement of population."
The contribution of genetics to the debate has only recently begun to take shape. Classical markers suggested that the most important genetic gradient in Africa is north-south, although some indication of the Bantu expansions may be present in the second and fourth principal components (Cavalli-Sforza et al. 1994 ). However, rather little has emerged from these analyses (MacEachern 2000) ; it is molecular studies of nonrecombining markers that are likely to have the greatest impact. Both mtDNA and the nonrecombining part of the Y chromosome (NRY) have been used to characterize African populations in recent years.
Studies of mtDNA variation initially focused on lowresolution RFLPs of the entire molecule (Scozzari et al. 1988; Stine et al. 1992) or variation in one or both hypervariable segments (HVS-I and HVS-II) of the fastevolving control region (Vigilant et al. 1989 (Vigilant et al. , 1991 Watson et al. 1996; Bandelt and Forster 1997) . More recently, several studies have used high-resolution RFLPs (Chen et al. 1995 (Chen et al. , 2000 , and some have adopted a combined approach (Graven et al. 1995; Soodyall et al. 1996; Watson et al. 1997; Passarino et al. 1998; AlvesSilva et al. 2000; Bandelt et al. 2001; Pereira et al. 2001) . Interest has usually focused on the debate concerning modern human origins, although, more recently, the question of the Bantu expansions has received some attention.
Several mtDNA markers have been proposed as signals of Bantu dispersals, although often in the absence of any southern Bantu data. Bandelt et al. (1995) and Chen et al. (1995) suggested haplogroup L1a, part of which (defined by a 9-bp intergenic deletion) was confirmed as an important eastern Bantu marker by Soodyall et al. (1996) . Watson et al. (1997) similarly proposed a subset of haplogroup L3b. Subsequently, Alves-Silva et al. (2000) and Bandelt et al. (2001) have proposed (on the basis of analyses of Brazilian mtDNA data) that fragments of haplogroups L2, L3e, and L1e may also be important Bantu mtDNA markers. Bandelt and Forster (1997) highlighted the Khoisan mtDNA pool, which primarily includes members of the ancient haplogroups L1d and L1k, suggesting that extant San groups represent a small and recent splinter from a widespread and ancient Khoisan population (see also Soodyall and Jenkins 1992; Soodyall 1993) . (A similar relationship between the Mandenka and the wider West African mtDNA pool was pointed out by Graven et al. 1995.) Pereira et al. (2001) focused specifically on southeastern African Bantu-speaking populations. They found reduced diversity, in comparison with East and West Africans, and confirmed the roles of L1a (both with and without the 9-bp intergenic deletion), L3b, and L3e in the Bantu dispersals. They also highlighted the important role of L2a and estimated a Khoisan assimilation rate in southeast Bantu speakers of ∼5% (L1d). Using L2a, they estimated a founder time of 4,600-16,500 years ago.
Progress has also been made with Y-chromosome analyses. Scozzari et al. (1999) and Underhill et al. (2000 Underhill et al. ( , 2001 have proposed that parts of haplogroup E (using the nomenclature of the Y Chromosome Consortium [2002] ) have dispersed widely and rather recently through subequatorial Africa and are likely to signal Bantu dispersals. Lineages within this haplogroup form the great majority of NRY lineages in southern African Bantu speakers. Thomas et al. (2000) estimated an expansion time of ∼3,000-5,000 years, on the basis of five microsatellites.
In the present article, we add substantially to the existing data on southeast Bantu speakers by providing HVS-I sequences and complementary RFLP typings of 307 samples from 16 ethnic groups from Mozambique. These allow us to make more precise date estimates, enabling us to test more thoroughly whether the ages of various Bantu-specific subclades are consistent with participation in recent dispersals. Furthermore, we have carried out a comprehensive phylogeographic analysis of all published mtDNA HVS-I sequences, informed by complementary studies that have allocated particular sequence types to well-defined clades in the mtDNA phylogeny (Ingman et al. 2000; Maca-Meyer et al. 2001) , on the basis of complete sequences. This allows us to place evidence for more recent demographic changes in sub-Saharan Africa within a Middle and Late Stone Age chronological context, organized by the geographic distribution and dating of various clades (or haplogroups) and subclades within the genealogy. We then attempt to trace the various southeastern Bantuassociated lineages back through the continent, to estimate the extent to which potential source regions in West, Central, and East Africa have contributed to the composition of present-day southeastern Bantu maternal lineages. Finally, we compare our results with recent work on the Y-chromosome genealogy.
Materials and Methods

Sample Collection and DNA Extraction
Blood samples were obtained from 307 unrelated individuals belonging to 16 different population groups from southeastern Africa: 10 Yao, 20 Tongas, 22 Shangaan, 27 Chopi, 20 Chwabo, 20 Lomwe, 19 Makonde, 20 Makhwa, 10 Ndau, 11 Nguni, 20 Nyungwe, 20 Nyanja, 21 Ronga, 18 Shona, 21 Sena, and 19 Tswa; all were indigenous Bantu speakers. The geographic origin of each individual's four grandparents and the language of each individual's mother were recorded. The samples were collected mainly in Mozambique, where most of these populations are settled, and, in some cases, in boundary areas ( fig. 1; table 1 ). Appropriate informed consent was obtained from all individuals used in the present study. DNA was extracted as described elsewhere (Salas et al. 1998) . Other published data used are listed in table 1. We excluded some sequences from Vigilant et al. (1991) from most analyses, because of sequence ambiguities, and made use of the data of Soodyall (1993) only in a general way, because of the high error rate they seem to exhibit. Where necessary, African populations were grouped geographically into six main continental regions: North, West, East, Central, southeastern, and southern Africa (see table 1; fig. 1 ). One hundred twenty-three L-types, from a Eurasian HVS-I database of 115,000 individuals, were also considered.
Amplification and Sequencing of HVS-I
HVS-I amplification was carried out in a Perkin Elmer 480-A Thermocycler. The temperature profile for 32 cycles of amplification was 95ЊC for 10 s, 60ЊC for 30 s, and 72ЊC for 30 s. Primers and PCR strategy were as described by Wilson et al. (1995) . PCR product purifi-
Figure 1
Map of Africa showing the samples used in the present work. The pie charts represent the haplogroup composition of the main African regions, combining some sub-clades for convenience, and excluding the contribution of haplogroups of non-African origin. Population codes are as defined in table 1. cation and sequencing were performed as in Salas et al. (1998) . For those sequences containing a homopolymeric cytosine stretch from positions 16184 to 16193 (usually associated with length heteroplasmy), additional amplification and sequencing were performed using primers L16209 (5 -CCC CAT GCT TAC AAG CAA GT-3 ) and H16164 (5 -TTT GAT GTG GAT TGG GTT T-3 ).
Restriction Enzyme Analysis
All samples were analyzed for six selected RFLP sites, which help distinguish major African mtDNA haplogroups: 2349 MboI (L3e), 3592 HpaI (L1 and L2), 8616 MboI (L3d), 10084 TaqI (L3b), 10397 AluI (M), and 10871 MnlI (N). Sequences belonging to haplogroup L2 were additionally typed for 3693 MboI (L2d), 4157 AluI (L2b), 13803 HaeIII (L2a), and 13957 HaeIII (L2c) . The resulting fragments were resolved through electrophoresis in standard polyacrylamide gels followed by silver staining.
Phylogeographic and Population-Genetic Analyses
For all data analyzed, a string of 276 bp belonging to HVS-I, from positions 16090 to 16365 (Anderson et al. 1981) , was used. However, RFLP and HVS-II data (and some HVS-I information outside this region) available for some subset of samples were used in situations in which HVS-I information alone was insufficient to allocate a sequence to its haplogroup. Where we refer to some position out of this standard region, it is indicated by the polymorphism within brackets. Length variation will not be considered in the present article. Transitions in HVS-I are recorded, in the tables and figures, by their position in the Cambridge Reference Sequence (CRS) (Anderson et al. 1981 ) minus 16,000; transversions are accompanied by a suffix specifying the variant base.
The haplogroup classification in the present article (shown in the skeleton tree of fig. 2 ) is based on the phylogenetic analyses performed by Chen et al. (1995) , Watson et al. (1997) , Rando et al. (1998 Rando et al. ( , 1999 , Quintana-Murci et al. (1999) , Alves-Silva et al. (2000) , Bandelt et al. (2001) , Pereira et al. (2001) , and . mtDNA clades that originated in sub-Saharan Africa include L1a through L1k, L2, and L3A (defined as all members of L3 not included in haplogroups M or N: Rando et al. 1998) . These are here informally referred to as "L-haplogroups" or "L-types," although they do not together form a clade. Haplogroup U6 is predominantly North African (Macaulay et al. 1999; Rando et al. 1998) , whereas M1 may have originated in East Africa (Quintana-Murci et al. 1999) .
We compiled a database of published L-type HVS-I sequences (both African and non-African) and used them to construct phylogenetic networks (Bandelt et al. 1995 , by hand and by use of the program Network 3.1 . Haplogroup U6 and M1 sequences were also compiled. We developed a strategy for approximating the phylogeny by combining smaller subnetworks, in the following manner:
1. A preliminary allocation of the database sequences to haplogroups was carried out according to the existing mtDNA skeleton Pereira et al. 2001) .
2. A more detailed skeleton network was estimated for each haplogroup, using only those sequence types present more than once in the database (see .
3. This was confirmed by repeating step (2) after eliminating substitutions at hypermutable positions, to obtain a phylogeny based exclusively on stable positions.
4. All HVS-I sequences in the database were screened and grouped according to the motifs identified from these analyses.
5. Networks were constructed for these related grouped sequences using all the variable positions in the haplotypes and the RM algorithm.
The networks were further resolved, in many cases, using additional information-for instance, on the mutability of different positions. It should be noted that subclades identified solely on the basis of fast-evolving sites in HVS-I, such as 16293 in certain contexts, may need revision in the light of future complete-sequence data.
The time to the most recent common ancestor (TMRCA) of clades in the phylogeny was estimated as described by Forster et al. (1996) and Saillard et al. (2000) . Founder times were estimated for each of the major southeastern African founder types, identified as sequence types matching types in the potential source regions (of East and West Africa). For a detailed discussion of the assumptions involved, see .
Sequence diversity was estimated as [n/(n Ϫ 1)](1 Ϫ , where is the frequency of each of the k dif-
ferent sequences in the sample. Haplogroup diversity was similarly calculated. The average number of nucleotide pairwise differences, the number of segregating sites, and Tajima's D statistic (Tajima 1989) were evaluated. Principal component (PC) analysis was performed on the basis of the haplogroup composition (relative frequencies) in the various population samples (considering L-haplogroups plus U6 and M1). Initially, all populations were included. Subsequently, outliers in North, Central, and southern Africa, as well as the very small sample of Biaka, were excluded. The apportionment of genetic variation between and within populations was estimated by AMOVA (Excoffier et al. 1992) , by means of the Arlequin package.
Figure 2
mtDNA skeleton showing a schematic phylogeny of African haplogroups used in the present paper to classify HVS-I sequences. The skeleton includes HVS-I and some coding-region RFLPs (with an arrow pointing in the direction of site gain). 
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185 209 223 311 320 327 NOTE.-Variant positions from the CRS are shown, from 16024 to 16408 (minus 16000). The columns after each HVS-I sequence type represent the status for the enzymes used in the present work (see below). All individuals were typed for the first six restriction polymorphisms indicated in the table, and only those sequences belonging to haplotype L2 were typed for four additional positions. A plus sign (ϩ) indicates the presence of the restriction site, a minus sign (Ϫ) indicates its absence, and a number sign (#) indicates that its presence or absence was not determined. Haplogroups were assigned according to HVS-I motifs and RFLP status, as discussed in the text. Enzyme codes: a p AluI; e p HaeIII; h p HpaI; j p MboI; l p TaqI; and z p MnlI. Code for the populations: see table 1.
Results
Genetic Diversity in Southeastern African Populations
We determined HVS-I mtDNA sequences from each of the 307 southeastern African individuals (table 2) . Of the 115 different HVS-I mtDNA sequence types, 67 (58%; 95% credible region [CR] .491-.669) were found only once, whereas several occur at high frequencies: three types (from haplogroups L1a and L2) account for 32% (95% CR .270-.373) of the total. These three types are common in almost all of the 16 populations analyzed.
To summarize the variability accumulated in the southeastern African sequences, sequence diversity was computed for all the populations analyzed and was compared with that of other African populations (table 3) . Most populations analyzed here showed similar values for this index, ranging from 1.000 in Nguni to 0.890 in Sena. Almost all these ethnic groups displayed similar diversity; the average sequence-diversity value for the southeastern African sample is 0.957. These numbers are comparable with those of other African regions (see for instance, western and eastern populations in table 3). The average number of pairwise nucleotide differences ( for the whole sample; table 3) was M p 8.03 also similar to those of other sub-Saharan populations. Tajima's D values are slightly negative but are nonsignificant.
PC Analysis
The most striking feature of the PC plot ( fig. 3) is the tight clustering of all the southeastern African populations through the first PC (PC1), which accounts for 15% of the variance; even those populations with small sample sizes form part of this cluster. This indicates the high similarity of these ethnic groups, as suggested by the diversity indices and their distribution in the phylogenetic networks. Their closest neighbors in PC1 are the Mbuti, and the Bioko and Sã o Tomé islanders, all classified as Central Africans in the present analysis. (By contrast, the Equatorial Guinean Fang fall within the West African cluster in both PC1 and PC2.) East, West, and even North Africans cluster together towards the opposite pole. The main haplogroups responsible for PC1 are the western L1b, the southeastern L2a1b, the southeastern/eastern L1a, and the eastern L3*.
PC2 (11% of the genetic variance), by contrast, clusters southeastern Africans with West Africans and clusters the Mbuti with East Africans. Again, North Africans tend to cluster with West Africans, suggesting that the sub-Saharan component of North Africans originates primarily from West rather than East Africa (as expected, on geographical grounds). Unlike other North Africans, Egyptians are closer to East than to West Africans. (Note that, if Eurasian haplogroups were included, North and West Africans would be much more clearly distinguished, since, in the former, the major contribution is from European and Near Eastern mtDNAs [Rando et al. 1999] .) PC2 has a large contribution from the eastern lineage groups L3g and L3*; however, L2a, L1b1a, and L3e2* also make a similar contribution.
Apportionment of Genetic Variance
The AMOVA analysis performed on the 16 Bantuspeaking populations analyzed in the present work showed that almost all the genetic variation (98.8%) was found to be within populations, with the remaining 1.2% between populations (but not significantly different from 0;
). These results again reflect the P p .103 very high level of genetic homogeneity among these populations.
AMOVA analysis was also applied to the whole African data set, using several designs:
1. Taking all the African populations separately, 79.2% of the variability occurs within populations, whereas 20.8% of the variability occurs between populations.
2. Grouping the populations by main geographic areas, 10.6% between groups, 12.5% between populations within groups, and 76.9% for variance within groups.
3. Considering the main groups of African languages (Afroasiatic, Niger-Congo, Nilo-Saharan, and Khoisan), similar values were obtained for the variation within groups (76.8%), but 18.9% was found to occur between populations within groups, with the remaining 4.3% corresponding with differences between groups. (This last was not significantly different from 0;
.) P p .068 4. When populations were grouped into Bantu versus non-Bantu, a similar apportionment of genetic variation was found: 74.9% within populations, 17.2% among populations within groups, and 7.9% among groups.
Therefore, it seems that, in Africa, geography plays an important role in defining differences between the main groups, whereas language plays a lesser role.
Phylogeography of African mtDNA Variation
We have constructed phylogenetic networks for each of the major sub-Saharan African ("L-type") haplogroups, to investigate the mtDNA data for phylogeographical patterns (figs. 4-9). All sequences were first classified on the basis of HVS-I motifs and any available HVS-II or RFLP data (table 4). With the exception of one sequence (H001) belonging to the east Asian/Native American haplogroup A (which exactly matches one individual from the Brazilian sample of Alves-Silva et al. 2000) , all southeastern African sequence types could be classified as L-types. 
Figure 3
Plot showing the first two principal components of haplogroup frequency profiles for the African samples (population codes as in table 1).
Our study is hampered by the lack of sufficient characters for maximal resolution of the genealogy and will benefit when complete mtDNA sequences become widely available. However, an advantage is the large number of African HVS-I data now available, which have not been brought together in a single analysis before (although substantial analyses have been made of North African data and of a few individual haplogroups [Bandelt et al. 2001; Torroni et al. 2001] ). Furthermore, these can now be interpreted in the light of an improved knowledge of the topology of the African mtDNA tree that has come from combined HVS/RFLP studies and from the published complete (or nearly complete) sequences (Ingman et al. 2000; Maca-Meyer et al. 2001; Torroni et al. 2001; Herrnstadt et al. 2002) .
Outgroup comparisons with chimpanzees for complete sequences (Ingman et al. 2000; Maca-Meyer et al. 2001) and with Neanderthals for HVS-I and HVS-II (Krings et al. 1997 (Krings et al. , 2000 Ovchinnikov et al. 2000) indicate that the root of the mtDNA tree lies within the cluster of sub-Saharan mtDNAs called "L1" by Chen et al. (1995) . This paraphyletic group ("paragroup" in the terminology of Brehm et al. 2002) has been subdivided into a number of clades: L1a, L1b'c, L1d, L1e, L1f, and L1k ( fig. 2) . The remainder of the phylogeny consists of haplogroups L2 and L3. L3 includes all Eurasian variation, as well as much variation that is exclusively African. L3 includes the sub-Saharan paragroup L3*, two sub-Saharan haplogroups, L3b'd and L3e, and two Eurasian haplogroups, M and N (Quintana-Murci et al.
1999; Richards and Macaulay 2000)
. Here, we adopt the convention of Rando et al. (1998) , referring to L3A to distinguish the African L3 lineages from haplogroups M and N.
The distribution of the major indigenous African haplogroups across the different regions of the continent is displayed in figure 1 , and divergence times are shown in table 5. Divergence times may be underestimates, since it is unlikely that all recurrent mutations can be reconstructed at these time depths.
Paragroup L1
The paragroup L1 includes the MRCA of human mtDNA, which is at least 150,000-170,000 years old (Horai et al. 1995; Ingman et al. 2000) . Haplogroup L1a ( fig. 4a ) is common (∼20%-25%) in East, Central, and southeastern Africa, and is almost absent in North, West, and southern Africa. The main subclade, L1a1, is ∼33,350 (SE 16,600) years old and is quite starlike, with a predominantly East/southeastern African distribution and a root type that is common in East Africa. There has been considerable drift on several derived types in southeastern Africa. The second principal subclade, L1a2, is ∼8,300 (SE 3,650) years old and is predominantly Central African, occurring in both Biaka and Mbuti, and, again, several types (in particular, the root type) appear at elevated frequency in southeastern Africa.
An East African origin of L1a seems likely, given that Central African types tend to be more derived in the tree. The expansion into the tropical forest zone of Central Africa (primarily involving L1a2) may have been quite early, sometime within the past 10,000 years, since it comprises a high proportion of both Mbuti and Biaka mtDNAs. The tropical forest had probably already reached something like its present-day extent in Central Africa by ∼10,000 years ago (Adams and Faure 1997). However, there may have been a retreat during the arid phase ∼3,000 years ago, which may have facilitated either the expansion of L1a2 into Central Africa or the Bantu expansions or both (Maley 1993; Adams and Faure 1997) .
L1a seems likely to have been brought to southeastern Africa by the eastern stream of the Bantu expansion, having been picked up in East Africa. This is supported by its presence in the Bantu-speaking East African Kikuyu, and, in particular, by a match between a Kikuyu lineage and one of the commonest southeastern African types (within L1a1a). A second possibility would be that the L1a lineages in southeastern Africa were brought directly from a region close to the source of the Bantu languages in western Central Africa or from some intermediate position on the western stream route through Central Africa. The analysis of Soodyall et al. (1996) 
Figure 4
Networks of (a) L1a and (b) L1b lineages. Circle sizes are proportional to the haplotype frequency in the sample. may help to distinguish these possibilities. They showed an association between an intergenic COII/tRNA Lys 9-bp deletion and a subset of L1a types lacking the transitions from the CRS at both 16129 and 16168-that is, within L1a2. This deletion is common in southeastern African Bantu speakers, as well as some East and Central African groups. It was absent not only in all Khoisan groups but also in virtually all southwestern African Bantu speakers (with the exception of three Ambo individuals from Namibia, for whom a southeastern Bantu origin was proposed; see also Soodyall and Jenkins 1993) . They propose a Central rather than an East African origin for the deletion; we concur that, although L1a seems most likely to have originated in East Africa, L1a2 may have emerged in Central Africa.
The presence of L1a in Sã o Tomé and Bioko may also have a more recent explanation, since many slaves were moved during the last millennium to these Atlantic islands from Mozambican sources (Newman et al. 1995) . A predominantly East African origin for L1a types also explains its relative scarcity in America, in comparison with other African types. Most American representatives of L1a, in fact, match types from southeastern Africa, and probably derive directly from that region.
The two major founder candidate sequence types in L1a-in L1a1a and L1a2, respectively-date to 1,900 (SE 750) and 800 (SE 550) years. The average age for the two founder types is 1,100 (SE 400) years. This is consistent with the formation of east Bantu communities in the Lake Victoria region around the last century B.C. and the first few centuries A.D. (Phillipson 1993) . L1a may therefore have been introduced into the Bantu community by assimilation of East African non-Bantu speakers, rather than being dispersed from western Central Africa. This suggests that approximately a quarter of the lineages in southeastern Bantu have an East (or eastern central) African origin.
L1b ( fig. 4b ) has a completely different geographical distribution within Africa. It is concentrated in West Africa, with some overflow into Central and North Africa (particularly geographically adjacent areas, connected by the West African coastal pathway) but little in East, southeastern, or southern Africa. It is also common in African Americans (∼27% of all L1b-types in the database), in agreement with the known importance of the West African coast to the Atlantic slave trade. A simple interpretation would therefore attribute a West African origin to L1b, with significant diffusion into North and Central Africa. However, because the coalescence time of L1b is estimated at only ∼30,000 years-whereas its sister clade, L1c, is estimated at ∼60,000 years old-a recent bottleneck and re-expansion in West Africa may have shaped the evolution of L1b. Given the likely origin of its sister clade L1c in Central Africa, a Central African origin seems plausible for L1b as well.
Haplogroup L1c ( fig. 5a ) is less starlike than L1a and L1b, with three major well-defined subclades and high internal diversity. The geographic distribution of L1c is especially interesting. More than one-third of L1c haplotypes in our database belong to African Americans, and few of them show matches with continental Africans. The great majority of the remainder of L1c comes from Central Africans, with a few in the west and the southeast. There are virtually none in the east or south; of the "Pygmy" groups sampled, only the western group (the Biaka) have L1c. Representatives in West Africa are restricted to two derived subclades, suggesting an expansion westwards relatively late in the evolution of the haplogroup. It is notable, however, that the southeastern representatives tend to be most closely related to Central African types and include types in clusters not present in West Africa.
This suggests that the origin of L1c can be placed somewhere in Central Africa towards the Atlantic west coast, in the uncharacterized areas of Angola and the Congo delta, to the south of the putative Bantu homeland, on the route of the "western stream" of the Bantu
Figure 5
Networks of (a) L1c, (b) L1d, and (c) L1e lineages expansion. A West African origin for the African American L1c types is unlikely, because American types do not match with West African ones, this region being the best represented in the database.
Haplogroup L1d ( fig. 5b ) is nonstarlike and characterizes Khoisan groups , where it represents about half of the total haplogroup composition for the southern African samples (!Kung and Khwe). L1d is additionally found at ∼5% in the southeastern African samples (see also Pereira et al. 2001) , and there is a single East African L1d type from Lake Turkana.
This distribution strongly implies an origin for L1d amongst the ancestors of the Khoisan, long before the arrival of Bantu speakers in the region. The Turkana sample may represent a relict of a former wider distribution of the Khoisan; however, since this type is now seen to be derived from a southeastern African type, recent gene flow from the southeast is more likely. This surmise is supported by the evidence that the Khoisanspeaking Hadza of Tanzania (admittedly a small sample from a small population) resemble East Africans in bearing haplogroups L3g and L2; they lack any L1d or L1k that might suggest that they are a relict of a widespread "genetically" Khoisan population. This is also the case for classical markers (Cavalli-Sforza et al. 1994) .
Assuming that L1d in the southeastern Bantu speakers represents assimilation of Khoisan lineages, there is no evidence for a major founder effect during the process. It might have taken place at any time since the arrival of the Bantu speakers, or as a result of recurrent gene flow into the Bantu population. Since it is only present at ∼5%, the level of gene flow (or acculturation) seems to have been rather slight in this area, although it is much higher in parts of South Africa (according to the data of Soodyall 1993; see our "Discussion" section). There is a complete lack of the second major Khoisan haplogroup, L1k, in the southeastern Bantu-speaking sample.
The minor but ancient haplogroup L1e is restricted almost solely to East Africa, with minor gene flow of one subclade into Central Africa (Mbuti) and southeastern Bantu speakers. Even in East Africa, L1e only accounts for ∼6% of the data. L1f types (network not shown) are present at even lower frequencies in the database and, again, only in East Africa.
L1k sequences (network not shown) have been found exclusively in southern African Khoisan-speaking populations (at ∼20%) and, like those from L1d, are probably indigenous. Given the high levels of drift evidenced in both L1d and L1k, we can speculate that they may represent the survivors of many more L1 lineages that have become extinct-perhaps quite recently, as their territories were encroached upon by metal-using agriculturalists, both African and European.
Haplogroup L2
Haplogroup L2 (figs. 6 and 7) is commonly subdivided into four main subclades, L2a through L2d (Chen et al. 2000; Pereira et al. 2001; Torroni et al. 2001) . L2c cannot be distinguished from L2* without HVS-II information (325 in HVS-II) or coding-region mutations, although some of its subclades have distinctive HVS-I motifs. Among the southeastern Africans typed for this study (table 1) , we found no L2* mtDNAs (in agreement with Torroni et al. 2001) . The great majority belong to L2a ( fig. 6 ), the most frequent and widespread mtDNA cluster in Africa (nearly a quarter of all indigenous types), as well as in African Americans.
We have attempted partly to disentangle the structure of L2a, retaining as irreducible on present evidence three major squares close to the root of the cluster. These reticulations link eight main clusters by single-step mutations. We assume that the main reticulations of the network are due to the existence of rapid transitions at positions 16189 and 16192 (Howell et al. 2000) , which approach saturation due to the high time depth of African lineages. We also assume that position 16309 is more stable than the two known fast sites and therefore is not responsible for the main reticulations. On these grounds, clusters --, as well as --, might a1 a2 a3 b1 b2 b3 be collapsed into two main clusters, one of them with the basal motif of L2a and the other harboring the transition at 16309 (L2a1). Several instances in which 16309 must nevertheless evolve in parallel can then be read off the network.
There are two L2a clusters well represented in southeastern Africans, L2a1a and L2a1b, both defined by transitions at quite stable HVS-I positions. Both of these appear to have an origin in West Africa (as indicated by the distribution of matching or neighboring types), and to have undergone dramatic expansion either in southeastern Africa or in a population ancestral to presentday southeastern Africans. L2a1b almost certainly includes the 16192T-derived subcluster, which is exclusively present in the southeast. The very recent starbursts in subclades L2a1a and L2a2 suggest a signature for the Bantu expansions, as also suggested by Pereira et al. (2001) . The L2a1a founder candidate dates to 2,700 (SE 1,200) years ago. For L2a1b there is a rather older age estimate of 8,850 years, but this has an enormous standard error (SE 4,600 years) as a result of the early 16192 branch ). If we assume a starlike tree by suppressing the 16192 variant (effectively assuming that this is a third founder type), the age is 5,250 (SE 1,600) years. An average age estimate, under the assumption of two founders in L2a, is 6,600 (SE 3,000) years or, under the assumption of three founders, 3,750 (SE 900) years. Thus, it appears that the founder ages for L2a are significantly older than for L1a, con-
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Network of L2a lineages
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Networks of (a) L2b, (b) L2c, and (c) L2d lineages sistent with the phylogeographical picture, with an earlier West African origin for the L2a lineages of southeastern Africa and a more recent East African origin for the L1a lineages. Indeed, the age of the L2a founders in southeastern Africa is consistent with an origin in the earliest Bantu dispersal from the Cameroon plateau, 3,500 years ago (Phillipson 1993) .
It is difficult to trace the origin of L2a with any confidence. The deepest part of L2a, represented by clusters -, is most common in East Africa. However, the a1 a3 diversity and TMRCA are similar in East (61, 250 [SE 13 ,500] years) and West (54, 100 [SE 17, 087] years) Africa. The diversity accumulated separately in East and West Africa, estimated from the main shared founder types (and disregarding the possibility of subsequent gene flow), is again similar in the two regions, at ∼14,000 years (14,100 years [SE 5,100], and 13,800 years [SE 4,700], respectively), suggesting a separation shortly after the Last Glacial Maximum. An easterly origin for L2a also faces the following difficulties: that the other subclades of L2 (L2b, L2c, and L2d) have a clear western distribution, and that L2d diverges earlier in the mtDNA phylogeny than L2a . A possible solution would be an origin for L2a somewhere between east and west, followed by dispersals in both directions along the Sahel corridor.
Haplogroups L2b, L2c, and L2d appear to be largely confined to West and western Central Africa (and African Americans), with only minor occurrences of a few derived types in the southeast. L2b also shows isolated occurrences in the east and as far north as Iberia. Therefore, an origin for all three in West and western Central Africa seems likely. Complete sequence data indicate that L2d is the oldest of the four subclades of L2, diverging before L2a, and that L2b and L2c are sister clades that diverged more recently . The estimated divergence times, ranging from ∼120,000 years, for L2d, through 55,000 years, for L2a, and ∼30,000 years, for L2b and L2c, with an estimated overall age for L2 of ∼70,000 years, are consistent with this pattern. In the light of this, it is scarcely surprising that tracing its place of origin is problematic. At such an age, it seems perhaps unlikely that L2d should have diverged in West Africa, but, given the period of potential drift and extinction, the data are certainly consistent with a Central African origin. A single type in the subclade L2d1, not seen in the southeastern Africans but present at high frequency in the Bubi of Bioko, may represent a trace of this.
L2 contributes 36% (95% CR .316-.408) to the southeastern Bantu population. If we sum this with the other major southeastern haplogroups of clear West African origin, L3b and L3d, the combined contribution of a putative West African source is ∼44% (95% CR .398-.493).
Paragroup L3A
We here define two previously unlabeled subclades of L3A, L3f, and L3g. The lineages remaining within L3* represent ∼20% of all L3A types in Africa. Although they are distributed throughout the continent, they reach the highest frequencies in East Africa, where they account for about half of all types from this region. This frequency profile suggests an origin for L3 in East Africa (Watson et al. 1997) . This is supported by the evidence that the out-of-Africa migration, which took place from a source in East Africa 60,000-80,000 years ago, gave rise only to L3 lineages outside Africa.
Both L3f ( fig. 8a ) and L3g ( fig. 8b ) are rare and also appear to have an East African origin. L3f* and L3g are virtually restricted to East Africa (with some dispersal into Central Africa, southeastern Africa, and the Near East). The subclade L3f1 appears to have spread at an early date into West Africa and is correspondingly also better represented in African Americans. Of particular interest is the fact that, as noted above, the small Hadza sample from Tanzania are largely L3g, with a small fraction of L2: they entirely lack the Khoisan-diagnostic L1d and L1k lineages.
By contrast, the commoner haplogroup L3b ( fig. 8c ) is predominantly West African, with a substantial representation again in African Americans. It has spilled over into North Africa and on into the Near East. There is very little dispersal into either East Africa or even Central Africa, but several derived types are present in southeastern Africa.
Its sister clade, haplogroup L3d ( fig. 9a ), is also mainly West African and African American. A number of types are found in southeastern Africa, including one type (in L3d1), matching a Fulbe lineage, at considerably elevated frequency. A second type (in L3d3) is not seen in our southeastern African sample but occurs at high frequency in the south, in both Khwe and !Kung, and matches a type apparently found at high frequency in the Herero (Vigilant et al. 1991 ; not included in the network here because of sequence ambiguities). This likely arose in the Bantu population and spread later into the Khoisan speakers, since a single one-step derivative is present in the southeast. This weighs against a pre-Bantu expansion into the south, which would only be supported if some clades outside L1d and L1k, with a northern origin, were present in Khoisan speakers but not in Bantu speakers. The arrival in the southeast indeed appears to have been very recent, since most southeastern (and non-indigenous southern) types have West African matches or derivatives.
L3e ( fig. 9b) is the most widespread, frequent, and ancient of the African L3 clades, comprising approximately one-third of all L3 types in sub-Saharan Africa. This haplogroup has recently been dissected in some detail by Bandelt et al. (2001) , who suggest an origin for the haplogroup in the Central Africa/Sudan region ∼45,000 years ago. As they recognized, L3e1 in particular is common amongst southeastern African Bantu speakers, along with some L3e2 and L3e3 lineages. L3e also represents approximately one-third of all African mtDNA lineages in Brazil. Alves-Silva et al. (2000) therefore hypothesized that it might be a common component of the (as yet unsampled) Angolan mtDNA pool, from where it may have been carried to Brazil during the slave trade.
L3e1 is distributed throughout sub-Saharan Africa, but it is especially common in southeastern Africa. This clade appears to have a west Central African origin and is rare among West Africans, although it is well repre-
Figure 8
Networks of (a) L3f, (b) L3g, and (c) L3b lineages
Figure 9
Networks of (a) L3d and (b) L3e lineages sented among African Americans. Several southeastern African types are shared with East African Bantu-speaking Kikuyu from Kenya. This suggests that L3e1 may have spread into Kenya via the eastern stream from a Cameroon source population (best represented in this data set by Bioko and Sã o Tomé) or from some Central African source. It subsequently dispersed into the southeast (although, with so little data, back migration into Kenya cannot be ruled out). The African American types may be the result of direct transportation from Mozambique, given the lack of West African representatives. One L3e1a type is also present at elevated frequency in the Khwe, but, since it matches two Herero and also has a direct derivative in the southeast, this again appears to have been the result of gene flow from Bantu speakers, even though the type has not been sampled in that group.
L3e2 is more frequent in Central and West Africa. It is not possible to distinguish L3e2a without HVS-II information (a transition at np 198), and, as this information is not available in most sequences in the database, we have incorporated L3e2a into L3e2* in figure  9b . L3e2* appears not to have been transferred to the southeast, with one exception. L3e2* is found mainly in Central Africa, and the derived subclade L3e2b is found primarily in West Africa, with a clear founder type within L3e2*. This indicates a range expansion from Central into West Africa (∼9,000 years ago). Other instances of such expansions (for example, in haplogroup L2) may be undetectable, at present, because of poor phylogenetic resolution. Few L3e2b types are found in southeastern Africa, but a great many are present in African Americans.
Finally, there are two small sister clades, L3e3 and L3e4. L3e3 is primarily West African, but with its root type present at elevated frequency in the southeast and with some southeastern African derivatives. There is also a Kikuyu derivative, again raising a possible connection with the eastern stream. L3e4 is present in East, Central, and West Africa, with one individual in the southeast, but is too rare to draw conclusions from.
Assuming that L3e and L1e are both of entirely Central African provenance, we can estimate an approximate Central African contribution to the southeastern Bantu speakers of ∼21% (95% CR .171-.248). However, it is not clear (in the absence of further data from the region) whether these lineages should be attributed to assimilation in the forest zone or whether the Cameroon source region could have given rise to both the "West African" and "Central African" lineages found in the southeastern African Bantu speakers.
Discussion
mtDNA in Southeastern African Populations
We analyzed a total of 16 different Bantu-speaking populations from the vicinity of Mozambique. The results indicate that these populations are highly homogenous with respect to their mtDNA, as reflected in all of the diversity indices, AMOVA, and the PC analysis. The phylogeographic analyses also reflect this degree of homogeneity, since almost all the ethnic groups are equally distributed within the southeastern African mtDNA pool. Several additional analyses (neighborjoining trees, UPGMA [unweighted pair-group method using arithmetic averages], split decomposition, etc.) showed the same pattern (data not shown). This homogeneity may either be the result of a common origin, of high levels of gene flow between the groups, or of both.
Interestingly, despite the evidence for pronounced founder effects in the networks, substantial diversity has been maintained in these groups; indeed, they include most of the haplogroups present throughout sub-Saharan Africa. This implies that substantial numbers must have been involved in the dispersal, even by the end point of the process. This perhaps lends support to the archaeological view that the Bantu expansion was not a single population movement, despite its rapidity, but rather a complex process involving many short-range dispersals. The formation of the different ethnic groups in the southeast would likely postdate their arrival (or several arrivals) in the region.
mtDNA and the Middle/Late Stone Age
Approaching the study of sub-Saharan African mtDNA variation is a daunting task, as the time depth of lineages within the continent is considerably greater than elsewhere. Although all Eurasian mtDNA lineages coalesce on a single founder type at the root of haplogroup L3, ∼80,000 years ago (Watson et al. 1997) , the coalescence time of African mtDNAs extends at least twice as far into the past (Ingman et al. 2000) . The task is made particularly difficult because most African mtDNA data sets comprise solely HVS-I sequences, which experience high levels of recurrent mutation at high time depths. This tends to foreshorten coalescence times and render tree reconstruction problematic. However, the situation has been greatly improved in recent years by the publication of several complete mtDNA sequence data sets, which, along with high-resolution RFLP analyses, can be combined with HVS-I data to render a more accurate tree. We have taken advantage of the increased knowledge that has resulted, to estimate plausible phylogenetic networks for all of the major subSaharan African haplogroups and to undertake a phylogeographic analysis of all of the available HVS-I data. At the same time, we have added substantially to the database of southeastern African Bantu populations, to shed further light on one of the most important demographic upheavals in African history, the Bantu expansion.
Despite the high time depth of the African mtDNA tree as a whole, African haplogroups rarely exceed an age of 100,000 years when dated on the basis of accumulated HVS-I variation, and many more are of the order of ∼50,000 years or so. This implies that mtDNA may provide little information about demographic events that took place 1100,000 years ago and probably rather little information for the following 50,000 years or so. Some of the deepest clades in the phylogeny may date to a much more recent period, suggesting that population fragmentation and re-expansion may have had a major impact on the ancestry of modern sub-Saharan Africans. Nevertheless, most of the major clades have restricted distributions within Africa, the signals for which have not been erased despite substantial subsequent gene flow between regions, and the order of mutations is often known with some confidence, so that a relative time frame can be applied.
The poverty of information that can be retrieved, as the TMRCA is approached, also makes it rather difficult to establish a geographical center of gravity for the origin of modern humans (which, on fossil evidence, is thought to have been completed ∼130,000 years ago, perhaps in Ethiopia; see Grü n and Stringer 1991). Five major branches radiate from the MRCA, at the level of resolution considered here, of which two are East or east Central African and two southern African (found primarily in Khoisan speakers); the fifth leads to the rest of the tree. Although the Khoisan retain only two major haplogroups from their pre-Bantu-contact period, this pattern does not preclude an origin for modern humans in southern Africa, followed by a subsequent penetration (before ∼40,000 years ago) into East and Central Africa, where modern humans then flourished to a greater extent than their fellows in the south. However, an early southern offshoot from an East African source population is at least as likely.
The distributions and ages of L1a, L1c/L3e, and L1d testify to the habitation of East, Central, and southern Africa, respectively, by modern humans, by ∼40,000 years ago. Similarly, L1b, L3b, and L3d imply that West Africa has been inhabited since at least 20,000-30,000 years ago. The main puzzle is the almost ubiquitous haplogroup L2a, which we suggest may have become prevalent somewhere in north Central Africa, spreading both east and west along the Sahel belt ∼20,000 years ago at the peak of the LGM (or somewhat earlier). We recognize, however, that the origins of these haplogroups may be more ancient than we can trace (L2, for example, may be well 170,000 years old) and that, in such cases, evidence of the earlier distribution of these clusters may have been erased by subsequent demographic processes.
An important influence on the subsequent genetic landscape of the continent is likely to have been the LGM. Paleovegetational studies have indicated that, between 30,000 and 11,000 years ago, much of the continent was extremely arid (Adams and Faure 1997). The Sahara advanced hundreds of kilometers further south, and the equatorial rainforests were reduced to a small fraction of their present size, leaving open woodland and savanna in much of the Congo basin. This may have formed a refuge area from which modern humans later dispersed: some with haplogroup L2a east and west, with L1b west; perhaps even some with L1a east and L1d southward. The origins of these expansions may lie earlier, at the beginnings of the Later Stone Age, ∼40,000 years ago. Archaeological evidence has demonstrated substantial human activity in the equatorial forest area-for example, in Cameroon and Equatorial Guinea, 35,000 years ago (Martí et al. 2001) .
It is worth noting that the mtDNA data do not support the clustering of sub-Saharan Africans into (pre-Holocene) geographical races, as assumed by many authors (Hiernaux 1975; Newman 1995) , if only because the socalled "Pygmies" clearly do not form a coherent group. The westerly Biaka sample includes only L1a and L1c, and the more easterly Mbuti include only L1a (shared with the Biaka), L1e and L2. Therefore, the Biaka tend to resemble other Central African populations, whereas the Mbuti more closely resemble those from East Africa, although both groups are much reduced in diversity in comparison with neighboring populations. It is also notable that the Tanzania Khoisan-speaking Hadza resemble other East Africans rather than southern African Khoisan speakers. Both results appear to be consistent with the results from classical markers (Cavalli-Sforza et al. 1994) .
mtDNA and Bantu Dispersals
The mtDNA pool of present-day southeastern Africa seems to comprise at least two distinct components: ancestral types carried by the people living in the region before the arrival of Bantu speakers and types brought with the Bantu speakers themselves. Khoisan lineages comprise only ∼5% of the total lineages in the Bantu speakers of Mozambique. The 5% may represent either assimilation on arrival or subsequent gene flow; it is difficult to distinguish the two, but the evidence suggests that no pronounced founder effect has occurred in the L1d lineages, possibly making the second possibility more likely. The data of Soodyall (1993) indicate that the Dama similarly have only ∼5% Khoisan lineages but that the southern African Xhosa and Zulu may have ∼25% and ∼50% Khoisan lineages, respectively (also all L1d). This much higher level of assimilation is consistent with the presence of Khoisan click consonants in both languages. In southern Africa, Khoisan speakers themselves appear to have experienced high levels of assimilation of Bantu lineages: ∼23% in the Vasikela !Kung (Chen et al. 2000) , ∼24% in the Sekele !Kung (Soodyall 1993) , and ∼61% in the Khwe, consistent with their similar physical appearance to southern African Bantu speakers (Chen et al. 2000) .
Of the lineages brought in by the Bantu speakers themselves, about half appear to have an origin in West Africa ∼4,000 years ago, about one-fourth in East Africa ∼2,000 years ago, and about one-fifth have a Central or west Central African origin. The East African component is virtually restricted to eastern Bantu speakers, implying that they were the result of assimilation by the eastern stream while en route, which, moreover, involved one or several severe founder effects. This is likely to have taken place in the Great Lakes region, as prelude to the expansion of Urewe ware and the widespread Chifumbaze complex witnessed in the archaeological record.
The Central African lineages may be the result of assimilation in the rainforests, or they may (given the intermediate position of Cameroon between west and Central Africa) have formed part of the founder group, along with the West African lineages. If so, nearly three-quarters of southeastern Bantu lineages can be traced back to the putative "homeland" region in West/Central Africa postulated on linguistic and archaeological grounds. However, the founder effects on Central African types appear to be much less severe than on those from the east and west, which may imply a more gradual process of assimilation within the rainforests. Indeed, part of L1a (the subclade L1a2) may have a proximal origin in the rainforests rather than in East Africa, given its prevalence in both Mbuti and Biaka. More data from Central Africa are needed to resolve this issue.
It is also likely that a number of lineages have arrived as a result of more recent gene flow. Most haplogroups exhibit a number of minor types in southeastern Africa, indicating that founder effects were either insufficiently severe to eliminate all of the variation save for a few major founders or that subsequent gene flow has taken place. Particularly curious are those from western haplogroups such as L1b, which seem unlikely to have taken part in the eastern Bantu expansion, since no major founders survive. It is possible that these have arisen from exchange with western Bantu groups (which perhaps arrived carrying L1b and other western clades). It is also likely that recent gene flow has taken place from East Africa as a result of the Islamic coastal trading system.
No published HVS-I sequences are available from southwest Bantu speakers. However, we undoubtedly have some representation of this part of Africa in the African American lineages, since, during the Atlantic slave trade of the 15th-19th centuries, many people were forcibly moved to America from this part of Africa. It is thought that Angola was the second most important country that contributed to the Atlantic trade (12.5 million people; see Thomas 1997) . This reasoning has been used by Alves-Silva et al. (2000) to predict a large proportion of L3e and L1c lineages in Angola, as well as some L2 lineages, but no L1d or L1k lineages, on the basis of their prevalence in the present-day Brazilian population (although L1d/k might be present at low levels, as in the southeast). We can add the lack of L1a (or at least L1a2) on the basis of the argument of Soodyall et al. (1996) , and lack of other east-specific clusters such as L1f. Our networks confirm the large numbers of L1c and L3e types present in African Americans that lack matches in the existing mtDNA database for Africa. Since the main source regions for the Atlantic slave trade were West Africa, southeastern Africa, and Angola, the likelihood that these represent a fair sample of the Angolan Bantu population remains. The lack of major founder effects in both L3e and L1c is again striking if we consider that they may be of western Bantu origin. We can speculate that the western Bantu expansion, which dispersed through the tropical forest zone, may have been a more gradual process, and involved more assimilation of indigenous lineages in the forest zone, than the eastern stream. Furthermore, L1c in particular may have been introduced to the southeastern Bantu groups via the western stream (or the western component of the eastern stream), rather than having been carried directly eastward from the source region in the earliest dispersals.
Comparisons with the Y Chromosome
The suggestion of Hammer et al. (2001) that the majority of African NRY lineages (haplogroup E) had an Upper Paleolithic Asian origin has now been called into question (if not decisively ruled out), because it was based on poorly resolved data ). However, Cruciani et al. (2002) have also identified the signature of a probable ancient migration from Asia into north Cameroon, in the form of a derived form of haplogroup R. This clade is not found in present-day western Eurasia or anywhere else in Africa, with the likely exception of Egypt (at 13%; see Scozzari et al. 1999 ), but it occurs in north Cameroon at a frequency of ∼40%. A very recent immigration event from North Africa, perhaps mediated by Fulbe or other pastoralists, may explain this pattern; the Fulbe in the mtDNA database (from Nigeria) show the presence of two West African U6 types, a U5 type (found otherwise only in Senegal), and an apparently indigenous West African subclade of haplogroup H. Although the H and U lineages combined make up only ∼18% of the Fulbe sample, they resemble the NRY haplogroup R lineages in indicating an ancient Eurasian origin, despite the absence of sequence matches in the modern European sample. The NRY haplogroup R and the mtDNA haplogroup H and U6 lineages may have originated in North African Berbers, some of whose NRY lineages may have arrived in North Africa from the Near East sometime between ∼20,000 and ∼50,000 years ago, as hypothesized for mtDNA haplogroup U6 (Rando et al. 1998; Macaulay et al. 1999) . A recent arrival in north Cameroon from North Africa would explain both the ancient Asian origin hypothesized by Cruciani et al. (2002) and the geographically restricted distribution in that area that they document.
The NRY displays a lower diversity in African populations than mtDNA (Hammer et al. 2001 ). There are two major deep branches, haplogroups A and B. Haplogroup A is frequent in East and southern Africa, with subclades concentrated in the Khoisan and East Africa, and haplogroup B throughout sub-Saharan Africa. The most frequent African clade, however, is haplogroup E, which seems likely to have spread from East Africa within the last 50,000 years to West Africa. Subclades then dispersed to North Africa and Central/southern Africa Underhill et al. 2000; Bosch et al. 2001; Hammer et al. 2001; Underhill et al. 2001) .
One particular widespread derived subclade, E3a, has been implicated in the Bantu expansion; it has rather little diversity and forms the majority of lineages in Central and southern African Bantu-speaking samples Underhill et al. 2001 ). This subclade occurs at a frequency of ∼63% in the southern African Bantu speakers of Underhill et al. (2000) , with one predominant haplotype and its one-step derivative ). These two haplotypes (hts 24 and 22 in the work of Underhill et al. [2001] and Cruciani et al. [2002] ) occur at ∼84% in south Cameroon (Cruciani et al. 2002) . Both haplotypes are widespread in West and Central Africa, but this evidence is clearly consistent with a Cameroon origin for southern African Bantu speakers. A minor E3a type also present in southern African Bantu speakers (ht 27) occurs at ∼9% in Cameroon and is almost absent in other African groups sampled, so the case for a south Cameroon origin is even stronger in this case.
The third major haplogroup E type present in these southern African Bantu speakers, within the subclade E2 (15% in Underhill et al. 2000) , is present in Burkina Faso and north Cameroon (hts 40-41, Cruciani et al. 2002) , as well as Khoisan speakers and also Central African "Pygmies" (Underhill et al. 2000) . Again, a West African origin, with dispersal through Central Africa and some introgression into Khoisan groups seems very likely. E3 as a whole amounts to 81% of the southern African Bantu speakers of Underhill et al. (2000 Underhill et al. ( , 2001 .
Haplogroup B lineages are distributed throughout Africa, and one haplotype (ht 12) occurs in the southern African Bantu speakers at 13% (Underhill et al. 2000) . This type is also present in south Cameroon at low frequencies, and therefore may also have spread south from there with Bantu dispersals. This would raise the putative West African component of the NRY lineages in this sample to 94%, concentrated on three main haplotypes. Again, however, the type is rather widespread and could possibly have been brought south from elsewhere. Haplogroup A, which most likely represents Khoisan introgression, occurs at just 6% in the southern African Bantu speakers, a strikingly similar level to our mtDNA data from southeastern Africa.
Overall, therefore, there does seem to have been higher drift on the male than on the female line during the Bantu dispersals, resulting in a reduced variety of incoming haplogroup and haplotypes. This may in part be accounted for by higher levels of assimilation on the female side, possibly from both Central and (in the case of the eastern Bantu) East Africa, or it may reflect a larger female effective population size in the dispersing groups. Different mating patterns and cultural practices between males and females may have played a part in these processes.
